In order to explore the mode of inheritance of esophageal cancer in a moderately high-incidence area of northern China, we conducted a pedigree survey on 225 patients affected by esophageal cancer in Yangquan, Shanxi Province. Segregation analysis was performed using the REGTL program of S.A.G.E. The results showed that Mendelian autosomal recessive inheritance of a major gene that influences susceptibility to esophageal cancer provided the best fit to the data. In the best-fitting recessive model, the frequency of the disease allele was .2039. There was a significant sex effect on susceptibility to the disease. The maximum cumulative probability of esophageal cancer among males with the AA genotype was 100%, but, among females, it was 63.5%. The mean age at onset for both men and women was 62 years. The age-dependent penetrances for males with the AA genotype by the ages of 60 and 80 years were 41.6% and 95.2%, respectively, whereas, for females, they were 26.4% and 60.5%, respectively. Incorporating environmental risk factors-such as cigarette smoking, pipe smoking, alcohol drinking, eating hot food, and eating pickled vegetables-into the models did not provide significant improvement of the fit of the models to these data. The results suggest a major locus underlying susceptibility to esophageal cancer with sex-specific penetrance.
Introduction
Unlike in most developed countries, esophageal cancer (EC) (MIM 133239) is a very common disease in many areas of China, especially the north. The disease ranks as the ninth most frequent cancer in the world. In China, it is the fourth most frequent cause of death from malignant tumors. It is said that the proportion of EC from China makes up 70% of all cases of this disease in the world (Parkin et al. 1993; Day and Varghese 1994) . Remarkable variations in incidence and sex ratio are seen both between countries and by geographical and ethnic divisions within countries. In China, rates of EC vary more widely than those of any other common cancers, with some areas of remarkably high incidence (Liu and Li 1984) . High-incidence areas in northern China are mainly in the areas where the borders of three provinces (Hebei, Henan, and Shanxi) meet on the south side of the Taihang Mountains. The mortality rate can be 1100/100,000, such as in Linxian, Henan Province, and Yangcheng, Shanxi Province. The highest county mortality rates are 254.77/100,000 for males and 161.11/ 100,000 for females in Linxian, which are 1,075-fold and 671-fold higher than the lowest sex-specific mortality in the country, respectively. The mortality rate in males is higher than that in females. The ratio of males to females can vary from .62 to 9.04 in the country and the nationwide ratio is 1.99 (National Cancer Control Office 1980; Li 1982) . Most cases occur between the ages of 60 and 64 years. Since the prognosis of EC is very poor, prevention of this disease is very important.
Epidemiological studies have shown that certain environmental risk factors are associated with EC, though the odds ratios (ORs) vary considerably from study to study. The etiology of EC is related to a variety of smoking and alcohol-exposure history. Other factors include nutritional deficiencies, eating hot food, and intake of carcinogens like N-nitroso compounds present in poorly preserved foods such as pickled vegetables (Dayne and Munoz 1982; Li 1982; Day and Varghese 1994) .
In the last two decades, increasing numbers of studies have shown that genetic susceptibility may influence the risk of developing EC. Familial aggregation of EC was found in high-incidence areas of northern China Chang-Claude et al. 1997) . Genetic susceptibility to EC was considered one of the important causes for the high prevalence and familial aggregation of this cancer in some areas of northern China (Wu et al. 1989) . Thus, it is of great importance to understand the mechanisms of the genetic susceptibility and to establish effective ways of screening individuals who are highly susceptible to EC in high-incidence areas. The only published segregation analysis of EC (Carter et al. 1992) suggested an autosomal recessive Mendelian inheritance of EC in Linxian, the county with the highest mortality rate in China. However, in that study, 221 high-risk nuclear families were analyzed. Environmental factors and age at onset could not be analyzed, because of missing data. As the authors mentioned, the inference of Mendelian inheritance applies only to the subpopulation studied-that is, to nuclear families in Linxian in which at least one person is affected with EC and all offspring are aged у40 years. The patients included those with carcinoma of the gastric cardia.
In order to explore whether genetic factors play the same role in the etiology of EC in a moderate highincidence area of northern China, we performed a genetic epidemiological survey of six towns in the suburbs of Yangquan City, Shanxi Province. The crude mortality from EC in this city is 40.12/100,000, which is in a middle level among the high-risk areas in northern China. EC accounts for 140% of cancer deaths occurring in this city. Previous analysis has shown positive familial aggregation of EC in this city and the results favor genetic etiology, at least as important as known environmental factors (Li et al. 1998) . To further explore the mode of inheritance of EC in this area and to compare the result with that of the previous study in Linxian, the family data were subjected to complex segregation analysis in this study.
Material and Methods

Study Population
A total of 228 unrelated EC patients (probands) who were newly diagnosed with esophageal cancer between July 1, 1989-July 1, 1994 were identified in the survey of all 132,039 people in six towns of the suburbs of Yangquan City (about one-tenth of the population of the city in 1994), Shanxi Province. Families were ascertained through single probands. Where there was more than one patient who was newly affected with EC within that period in a family, the latest-affected patient was selected as the proband and one questionnaire was used for the family to eliminate duplication. Six such families were observed, containing 13 newly affected patients. All the patients/probands were diagnosed by X-ray and/ or by cytology.
The study was approved by the Institutional Review Board of the Cancer Institute at the Chinese Academy of Medical Sciences, and informed consent was obtained from each participating individual.
Data Collection
Interviewers, who were doctors from each village, were trained before the formal investigation. Face-toface interviews were conducted in the houses of each household, and a structured questionnaire was administered for each family. Since females often were married traditionally outside of the village and were not available for interviews, familial information was collected through the male head of household, aged 55-65 years, in each family, so that as much information could be obtained on four generations as possible. The head of household was usually the proband, if alive, or his or her father or son if he or she was aged !55 or 165 years, or her husband if the proband was female. When the proper male head of household could not be defined, a female head of household was interviewed (6.2% of families). Four consecutive generations were investigated: the head of household and spouse, parents, sibs, offspring, grandparents, aunts, uncles, and their spouses and children. Information about disease status, age of examination or death, cause of death, age of onset, clinical and pathological diagnosis, and lifestyle (smoking, alcohol consumption, and eating habits, etc.) was recorded.
To reduce false negatives, those older people (mostly grandparents) who were diagnosed by village doctors or were suspected of having died of EC because they suffered swallowing difficulty were considered to be EC patients. This is because the clinical symptoms of EC are very distinctive, and swallowing difficulty is the simplest sign to use in the diagnosis of the disease. Because of poor medical conditions in the past, it is difficult to ensure that all the patients were confirmed by laboratory examination. Of 380 patients (see Results), 51 (13.4% ) were diagnosed in this way without X-ray or cytological diagnosis, 34 confirmed by village doctors and 17 simply by the recollection that they died of "swallowing difficulty." Since the symptom of swallowing difficulty is also typical of the late-stage carcinoma of the gastric cardia in this area, some of these patients might be considered to have been affected with EC, whereas they were actually affected with carcinoma of the gastric cardia. However, the first symptom of carcinoma of the gastric cardia is anemia, as is not the case with EC, and the incidence of EC was over threefold higher than that of carcinoma of the gastric cardia (Guanrei and Sunglian 1987) . Thus, the false-positive rate would not be high enough to cause a serious bias.
After the interviews, the finished questionnaires were checked by professionals. Those not completed clearly were picked out, and the heads of the households were reinterviewed. In the end, one-tenth of the completed questionnaires were randomly selected and the heads of households were reinterviewed by professionals for a final check. The result was satisfactory to our strict criteria, with answers to 190% of all questions being consistent, and with much higher consistency in the important variables for this study (EC status, sex, and age at onset).
Three families were excluded from this study in the end, since the probands who died of EC had previously been diagnosed with primary carcinoma of the gastric cardia and the EC may have been metastatic. Thus, 225 families, with a total of 7,701 individuals, were studied. Among the probands, 125 were males and 100 were females, with a ratio of 1.25, which is lower than that of the city in 1990 (crude ratio 1.90, adjusted ratio 1.48) (Yangquan Cancer Control Office 1990) . The reasons for the lower ratio in this study might be as follows: (1) The probands in the present study came from a considerably smaller population, and there may be variations in different parts of the area. (2) Carcinoma of the gastric cardia was combined with EC in the rate calculations for the city. This disease has a higher male-to-female ratio, which may partly conceal the real ratio of EC. (3) The ratio varies considerably in different areas. Generally, the ratio is lower in high-incidence areas-for example, 1.58 in Linxian, Henan Province, and 1.24 in Yangzhou County, Jiangsu Province.
There were 980 and 1,510 individuals who had the habit of eating pickled vegetables and eating hot food, respectively, but who were missing information on the number of years of consumption. We analyzed the distribution of age at interview, sex, EC status, proband status, age at onset, occupation, etc., in the individuals who were missing these data and in those who were not missing these data. All factors showed no difference between these two groups.
Statistical Methods
The REGTL program of S.A.G.E. (1997) (version 3.0) under a Linux 2.0 operating system was used to perform complex segregation analysis. This program uses maximum-likelihood methods to estimate parameters of mathematical models of disease occurrence in families. It assumes that, under a class D regressive model, a censored trait-such as age at onset or susceptibility to the disease-follows a logistic distribution (Bonney 1986; Elston and George 1989) . If Mendelian transmission exists, it is assumed to be through a single autosomal locus with two alleles, A and B, A being associated with the affected state. Go et al. (1978) used "type" to describe the discrete factors that affect a person's phenotype. The same concept was denoted "ousiotype" by Cannings et al. (1978) , and genotype is the special case of type or "ousiotype" that is transmitted according to Mendelian mode. So we can use "type" to represent any kind of transmission. Two general models could be assumed. In model 1, the genotype or type is assumed to influence age at onset of the affected state-through location and scale parameters (a and b)-but not susceptibility; the susceptibility only depends on sex and randomly distributed environmental factors. In model 2, which applies only to situations with a single affection class, type is presumed to influence susceptibility to the affected state, but not the parameters of the age-at-onset distribution, and groups of individuals of different types have the same mean age at onset. Analyses were performed under both models. EC was represented by a dichotomous variable y, in which for affected and 0 for y = 1 unaffected. Using the program, the following parameters were estimated: type frequencies W u (u = AA, AB, BB; if the type frequencies are in Hardy-Weinberg equilibrium proportions, then they are defined in terms of q A = frequency of allele A); transmission probabilities t u (the probability that a parent of type u transmits allele A to an offspring; under Mendelian transmission, t AA = 1, t AB = 0.5, t BB = 0); baseline parameter b, which can be sexdependent (b s under both model 1 and model 2; s = F for female and M for male) and/or type-dependent (b us under model 1); covariate coefficients y 1 , …, y n ; age adjustment coefficient a; and susceptibility parameter g, which can be sex-dependent (g s under both model 1 and model 2) and/or type-dependent (g us under model 2). Susceptibility is defined as the maximum cumulative probability that an individual will be affected with the disease. Bonney (1986) introduced logistic regressive models for dichotomous traits. The class A model assumes that sibs are dependent only because of common parentage. The class D model assumes that, given parental outcomes, the outcomes of offspring are equally predictive and depend on the numbers of older sibs who are affected and unaffected. The latter model is of particular interest when there is polygenic inheritance or a common sibling environment.
To compare with the results of the former study under a class D model, we generated the following covariates representing residual familial effects as described by Carter et al. (1992) . Briefly, these are F 1 (affected father effect), F 2 (unaffected father effect), M 1 (affected mother effect), M 2 (unaffected mother effect), S 1 (affected spouse effect), S 2 (unaffected spouse effect), OS 1 (number of affected older sibs), and OS 2 (number of unaffected older sibs). F 1 , M 1 , and S 1 were coded 1 if father, mother or spouse were affected, respectively, and 0 if unaffected or missing. F 2 , M 2 , and S 2 were coded 1 if father, mother or spouse were unaffected, respectively, and were coded 0 if affected or missing. Thus, the regression coefficients y F1 is the increase (or decrease, if negative) in the logit (the risk of EC) if the father is affected, y F2 is the change in the logit if the father is unaffected, and a person's logit is unchanged if the EC status of the father is un- known. The other y's for the familial covariates are similarly defined.
In each model, five hypotheses were tested against the likelihood of a general (unrestricted) model, in which all parameters were unrestricted and allowed to fit the empirical data; thus this general model gives the best fit to the data. The five hypotheses of transmission are as follows: (1) no major type (no major gene), (2) purely environmental major effect, (3) Mendelian dominant, (4) Mendelian recessive, and (5) Mendelian codominant (arbitrary major gene). The last hypothesis is a more general one, including the previous two as special cases in which the major gene is restricted to dominant or recessive inheritance; thus, it must fit the data better than the previous two. Under the purely environmental major effect hypothesis, an individual's phenotype depends on his or her own personal environmental exposures and is independent of the parental phenotype (i.e., there is no parent-offspring transmission of type); thus, the transmission probabilities are either restricted (1) to be equal (t AA = t AB = t BB , allowing possible heterogeneity of exposure levels between generations), or (2) to be equal to the frequency of allele A (t AA = t AB = t BB = q A , assuming complete homogeneity of environmental exposures between generations). Under this model, the age at onset distribution or susceptibility may exhibit a mixture of two or three distributions, because of personal exposures to major random unmeasured environmental risk factors. The no-major-type hypothesis has no major gene or major environmental-type effects, but allows for random environmental factors that result in only one type distribution.
Twice the difference in the natural log likelihood (lnL) for the data under the hypothesis of interest and that under the unrestricted model was compared to the x 2 distribution to assess departure from expectation. The degrees of freedom (df) for the x 2 statistic are given by the differences in the number of estimated parameters between the hypothesis and the unrestricted model. If one or more parameters are fixed at a bound at the end of the estimation process, a range of the df and P values are given, when appropriate. A nonsignificant x 2 indicates that the hypothesis can not be rejected. When more than one hypothesis cannot be rejected, Akaike's (1974) information criterion (AIC), which is defined as AIC = Ϫ2lnL ϩ 2(number of parameters estimated), was used to compare hypotheses. The hypothesis with the minimum AIC fits the data best.
The cumulative probability (CP) of being affected with EC predicted by the best fitting Mendelian model was calculated for various genotype, age, and sex combinations as follows:
, where
where a is the age and a, b or aa ϩ y (x ) ϩ ... ϩ y (x ) 1 1 n n g can be type and/or sex dependent. The population average cumulative probability (P) weighted by the estimated population genotypic frequencies is calculated as , where q is the ge-P = q CP ϩ q CP ϩ q CP AA AA AB AB BB BB notype frequency of AA or AB or BB.
To correct for ascertainment bias, the likelihood of each pedigree was conditioned on the proband's EC status by age at examination or death and his or her age at onset. This assumes single ascertainment, which is a reasonable approximation since only 6 (2.7%) of 225 families had more than one patient eligible to be a proband.
Results
Of 7,701 individuals, 380 (4.9%), including probands, were affected with EC. Of 225 families, 93 (41.3%) had two or more EC patients. The mean age at onset was 60 years (range 34-84). The average age of the 36 probands alive at the time of the interview was 61 years (range 39-82 years). Table 1 gives a general description of the data.
First, simple segregation analyses were performed that did not include regressive familial effects or environmental covariates in the models and in which age at onset and susceptibility were not sex-dependent. As a result, the Mendelian recessive major gene hypothesis was marginally not rejected under model 1 (.02 ! P ! ) (table 2) . Under model 2, the recessive and codom-.1 inant Mendelian hypotheses were not rejected, and the dominant hypothesis was marginally not rejected (P 1 , , and , respectively). All other mod-.5 P 1 .3
.01 ! P ! .3 els were rejected at the .001 significance level. The recessive model had the minimum AIC (table 3) . When tables 2 and 3 were compared, the Mendelian recessive major gene hypothesis under model 2 fitted the data best.
To explore the heterogeneity of age at onset, we separated the families into two groups: one with probands whose age at onset was !60 years (105 families, group 1) and the other with probands aged у60 years (120 families, group 2). Then the two data sets were analyzed under models 1 and 2, respectively, as above. Under model 1, the recessive and codominant hypotheses were not rejected ( ) in group 1, and the recessive P 1 .75 model was not rejected in group 2. Under model 2, all the Mendelian hypotheses were not rejected in both of the groups. The recessive major gene model under model 2 fitted the data best. A x 2 test for heterogeneity, (complete Ϫ2[lnL(group 1) ϩ lnL(group 2) Ϫ lnL data)] was performed, and was not significant (e.g., , df 5, , for recessive hypothesis, model 2 x = .85 P 1 .95 2). Thus, there was no evidence of significant heterogeneity between these two subsets of the data, and all subsequent analyses used the complete data set.
Under either model 1 or model 2, the likelihoods showed no significant improvements when the age-atonset distribution parameters a and/or b were sex dependent but did show significant improvement when the susceptibility was sex dependent ( , df 2, 2 x = 7.1 P ! for the recessive major gene hypothesis under model .05 2). This suggested that there was not a significant difference between the mean age of onset for males and females but that males had a higher relative risk than did females. Table 4 presents the results under model 2, which shows that the best estimate of susceptibility (g) was .6353 for females and 1 for males with AA genotype under the best-fitting recessive model with an average age at onset of 62 years. When sex was incorporated into the models as a covariate (coded 1 for male and 0 for female), there were no significant effects on the likelihoods.
When a class D regressive model was fitted to the data by incorporating the familial effect covariates into the models, there were no significant improvements in the likelihoods of any models except for the no major type and the environmental models, and these two models were still strongly rejected ( ). The results P ! .001 were similar to those in tables 2, 3, and 4. Model 2 always fit better than model 1. The Mendelian recessive major gene model under model 2 remained the bestfitting model (table 5) .
We incorporated binary (yes or no) environmental covariates-such as smoking (cigarette or pipe, separately or combined in the analysis), alcohol consumption, wine consumption, eating pickled vegetables, and eating hot food-into the age at onset distribution of EC under both model 1 and model 2. No significant improvements in the likelihoods were found. We further analyzed quantitative variables: for example, the number of cigarettes smoked per day, years of cigarette smoking, the number of pipes smoked per day, years of pipe smoking, years of alcohol drinking, the frequency of alcohol drinking, the degree of alcohol consumption, years of eating pickled vegetables, and years of eating hot food. None of these factors significantly improved the likelihoods of any of the models compared with the corresponding models when the coefficients of these factors were fixed at zero. These hypotheses about the effect of environmental covariates were tested by comparing more restricted models that incorporated the environmental covariates into the model but fixed their coefficients to zero against models where the coefficients of the covariates were estimated (results not shown). Finally, table 6 shows the age-, sex-, and genotype-specific penetrances of EC predicted by the best-fitting recessive model under model 2 (in table 4) in this population.
Discussion
In the 1970s, studies showed that more than half of EC patients had a family history of EC in some areas of northern China. A study in Yangcheng, Shanxi Province, showed that EC cases aggregated in !10% of the families (Li and He 1986) . A 10-year followup study showed that more families with a prior EC history reported new EC deaths than those without a prior history (19% vs. 5%) . In this study, 140% of the families had multiple patients. Wu and colleagues (1989) conducted a series of population surveys and laboratory studies of EC beginning in the early 1980s. All the results show that genetic risk factors may be very important in the high-incidence areas of China (Wu et al. 1989 ).
In the world, time trends for EC rates range widely. The association between the trends in the rates of EC and those of the main, identified etiologic factors was weak. This is in contrast to cancers of the lung and larynx, for which trends are closely related to levels of tobacco use and, for the larynx, alcohol consumption (Day and Varghese 1994) . In China, especially in highincidence areas, EC mortality rates have not significantly decreased. Genetic susceptibility may be a major etiologic factor in high-incidence areas in northern China, which could not be easily modified. This could partly explain why there has not been a significant decrease in the mortality of EC in these areas. A recent study (Hu et al. 1999) found that loss of heterozygosity (LOH) of a locus on 13q was more common in EC patients with a family history of upper gastrointestinal cancer than in those without such a history, suggesting that a gene in this area may be involved in genetic susceptibility to EC. A large number of studies have shown various molecular genetic changes related to EC, for example, allelic loss, genetic polymorphisms, and gene alterations, etc. (Montesano et al. 1996) .
In the previous study (Carter et al. 1992) , an autosomal recessive major gene was suggested, along with significant parental, spousal, and sibling correlation indicating unexplained environmental factors in the etiology of esophageal cancer in the subpopulation studied. The present study is different in several ways, as follows: (1) A moderate high-incidence area in northern China (Yangquan City, Shanxi Province) was studied, where the EC mortality rate (40.12/100,000) is lower than that in Linxian and Yangcheng (1100/100,000).
(2) Environmental factors were incorporated into the analyses. (3) Four generations and all age ranges were studied. (4) Two different basic models (models 1 and 2) were tested, and age-at-onset information was completed that enabled us to conduct more complex analysis. (5) We incorporated covariates reflecting familial effects (parent-child, sib-sib, spouse-spouse) into the models, which enabled us to analyze the data under the assumption of a class D regressive model while allowing for censoring of the time to disease onset and susceptibility. In this study, the recessive major gene model under model 2 fitted the data best, even when the familial regressive effects (spouse, parent, and sibling) were incorporated into the models. The purely environmental model and the no-major-type model were rejected under both model 1 and model 2. This suggests that an autosomal recessive major gene that influences the susceptibility to EC may play a role in the inheritance of susceptibility to EC. As was not the case in the former study, all class D familial effect covariates did not significantly improve the fit of the models in this study. The familial effects found in the previous study may be partly due to the unusually high percentage of affected persons in the sample (40%). In this study, the percentage of affected persons was only 4.9%. We believe that the recessive major gene model suggested in this and the previous study indicate the presence of a gene that influences the susceptibility to EC. Although we did not find significant familial regressive effects in this study, we can not exclude the possibility that polygenic/ multifactorial factors may play an important role in the etiology of EC. Development of advanced analytical methods and study of additional samples from more high-risk areas may be of help in better understanding EC etiology.
The susceptibility-allele frequency detected in this study (.2039 ) is very similar to that in Linxian (.1982) (Carter et al. 1992) . This might suggest similar major genetic background in these two areas, whereas there might be some different environmental or other minor genetic factors modifying the difference of the mortality of EC in these areas. However, it is important to realize that parameter estimates in segregation analyses often have large standard errors, and, thus, should not be overinterpreted.
Many studies have shown that most of the common cancers-such as colon, breast, prostate, lung, and ovarian cancer-have one or more rare autosomal dominant gene(s) that increase the risk of these cancers, with susceptibility-allele frequencies in the range .002-.006, penetrance 160%, and the proportion of patients affected because of these genes decreasing with increasing age at onset (Claus 1995) . In our study, no evidence was found for a major gene effect on the age at onset of EC nor for heterogeneity in age at onset of EC.
This study suggested a significant sex effect on susceptibility to EC. That the susceptibility for males with the AA genotype was estimated to be 100% and that for females to be 63.5% suggested that there should be different genetic and/or internal or external environmental risk factor exposures in the two sexes. This is consistent with previous analyses that showed that the increased risk of EC for males was greater than that for females in the first degree relatives of patients (10.49-fold vs. 7.69-fold) (Li et al. 1998 ). The population av- erage cumulative probabilities of EC predicted by the best-fitting model in this study (6.24% for males and 4.36% for females at age 80 years) are similar to or a little lower than the cumulative mortality rates of EC in the 1970s in the same city (15.26% for males and 6.44% for females at age 74 years) (National Cancer Control Office 1980). We should note that, in that time period, EC and carcinoma of the gastric cardia were combined in computing the rate, so the reported rate was higher than the true rate. In addition, other polygenic/multifactorial effects that were not significant in this study may explain part of the increased risk of developing the disease. Environmental factors have been implicated by previous epidemiologic studies as being very important in EC development. However, in this study, all of the environmental factors-such as smoking, alcohol drinking, eating pickled vegetables, and eating hot food-did not significantly improve the likelihoods of the models, as either binary or quantitative variables. This is not unreasonable. The purpose of segregation analysis is to find a major gene or oligogene/polygene effect but not environmental effects. It is well known that case-control studies are more powerful for detection of environmental effects, whereas segregation analysis is more powerful for detection of genetic effects. Thus, when the ORs or relative risks (RRs) of environmental factors estimated from case-control studies are not high, they may not have a strong enough effect to influence the likelihoods in segregation analysis. According to the literature, the effects on EC risk of related environmental risk factors such as smoking, alcohol drinking, eating pickled vegetables and eating hot food seem to be moderate and vary from no or weak association with EC to OR or RR !5 (Gao et al. 1994; Kinjo et al. 1998) , even in high-risk areas of northern China (Li et al. 1989; Wang et al. 1992; Guo et al. 1994) . On the other hand, since many persons were missing information on some of the environmental risk factors, this data set may not have had adequate power to detect effects of these risk factors. In addition, this is a retrospective study, and all the information was obtained by recall from the head of household. It is very difficult to guarantee perfect accuracy of the information, especially the quantitative measurements for older people. Also, there may be other important environmental factors that have not been included in this study, such as nutritional factors. The results suggest that these environmental risk factors could not significantly affect the risk of occurrence of EC in this sample-or, at least, that their effects were not large enough to be detected by this statistical method. Finally, these environmental risk factors may be of more importance in other, higher-risk, regions of China.
Although the EC mortality rates could be hundreds of times higher or lower in two different regions in China, the cause of the difference is not clear. There are some environmental factors (e.g., local economic status, geographical factors, nitrosamines, micronutrients, fungi, and even viruses) that might differ in different areas. The environmental factors analyzed in this study were considered as common risk factors for EC in highincidence areas of China. However, there is a great deal of evidence that has shown that environmental factors are not the only important causes of EC: (1) EC mortality rates in high-incidence areas are very stable, even though some environmental risk factors for EC were identified many years ago. For example, the nitrosamine concentration was found higher in high-incidence areas such as Linxian. During the past 20-30 years, the change of water sources, and the reduction of pickledvegetable eating have reduced nitrosamine exposure but have not changed the EC mortality in those areas significantly. From 1985 to 1991, two large nutrition intervention trials were conducted in Linxian, China. By the end of the intervention, no statistically significant reductions in the prevalence of esophageal dysplasia or EC were found in the group who supplemented their diets daily with multiple vitamins and minerals . (2) Incidences of EC among immigrants from high-incidence areas to lower incidence areas remained much higher than that of local residents (Wu et al. 1989 ). The differences of EC incidences between ethnic groups are at least as high as the differences between different areas. (3) With the same environmental exposures, EC occurrence differs a great deal from family to family, typified by the existence of highly aggregated "cancer families." Familial aggregation may be more significant in high-incidence areas than in low-incidence areas (Wang et al. 1992) . It is hard to say which factor (environmental or genetic) is more important. Both may play important roles in the etiology of EC. The mutation of EC gene(s) may act as a trigger for EC onset, or people with the gene(s) may tend to be more susceptible to EC under the effects of certain environmental risk factors.
In conclusion, our study showed that a Mendelian autosomal recessive major gene underlying susceptibility to EC may play an important role in the etiology of EC in a moderate high-incidence area of Northern China. This study provided some modeling parameters of EC (in this area) for further genetic linkage studies.
The identification of the putative gene detected by the study is warranted.
